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Abstract—The effects of gas(0.01-0.12 m/s) and liquid velocities(0.02-0.10 m/s) and particle size(1-8 mm)
on gas/liquid interfacial area(a) and mass transfer coefficient(k.) have been determined in a 0.142 m-LD.X 2.0
m-high Plexiglas column. Gas-liquid interfacial area increases with increasing gas and liquid velocities, but
it exibits a minimum value in the bed of 6.0 mm particle. In the bubble coalescing regime, k; increases
with increasing gas velocity. However, in the bubble disintegrating regime, k; is nearly independent of gas
velocities. The effect of liquid velocity on k; is found to be negligibly smail. A minimum value of k. exhibits
the bed of 1.7 mm particle. The liquid side mass transfer coefficient in terms of Sherwood number in three-
phase fluidized beds have been correlated with Schmidt and particle Reynolds numbers related to the energy
dissipation rate in the bed based on the local isotropic turbulence theory.
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Fig. 1. Schematic diagram of the experimental apparatus.
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Fig. 2. Effect of gas velocity on bubble chord length, ellip-
soidal bubble fraction and gas-liquid interfacial in
three-phase fluidized.
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Fig. 3. Effect of liquid velocity on bubble chord length,
ellipsoidal bubble fraction and gas-liquid interfacial
area in three-phase fluidized.
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Fig. 4. Effect of particle size on bubble chord length, ellip-
soidal bubble fraction and gas-liquid interfacial
area in three-phase fluidized.
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A, :parameter in eq. (2), {Br;exp(r;) —br}/N
A, :parameter in eq. (2), { —Br, exp(r;) —br}/N
a : gas/liquid specific interfacial area [//m]

B :parameter in eq. (2), (a’—c¢” —b/St)Pe—b

c : liquid phase oxygen concentration [kmol/m?]
c : liquid phase oxygen concentration in calming
section [kmol/m*]

¢~ :liquid phase oxygen concentration above the
distribution at x=0 [kmol/m’]

c* :saturation concentration [kmol/m’]

¢, :inlet/initial concentration [kmol/m®]

D :liquid phase diffusivity of solute gas [m?/s]

dp :particle diameter [m]

g : acceleration due to gravity [m/s?]

H, :Henry's constant [Pa.m/kmol]

Hs :height of three-phase fluidized bed [m]

k. :liquid phase mass transfer coefficient [m/s]

k.a :volumetric mass transfer coefficient [I/s]

L  :column height [m]

1, :hubble chord length [m]

N  :parameter implicit in eq. (2), r” exp(r)) —r.°
exp(rz)

Pe,_

i

A 125

: pressure [Pa]

: Peclet number defined by U H/e,"'D [-]

: pressure at the top of bubble column [Pa]

: pressure at the top of three phase zone [Pa]

: energy dissipation rate [J/s]

: Reynolds number based on the energy dissipa-
tion rate, P,dp*/v® [-]

: bubble surface [m?]

: Sherwood number in terms of ka, k; dp,/DL-]

: Stanton number defined by k;a H/U, [-]

: superficial velocity [m/s])

: bubble volume [m?®]

: dimensionless axial coordinate (-]

: gas phase mole fraction of oxygen [~]

aglo|A 22X}

€

: phase holdup [-]

€1+¢, : bed porosity [-]

v :kinematic viscosity [m%/s]
p  :density [kg/m®]
n  :bubble fraction [-]
APHX}
" : two phase
""" :three phase
SHEX}
g : gas phase
1 : liquid phase
s : solid phase
ellip : ellipsoidal
sph : spherical
sphc : spherical cap
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